MD; for the TIMI 14 Investigators* Background-The TIMI 14 trial tested the hypothesis that abciximab, the Fab fragment of a monoclonal antibody directed to the platelet glycoprotein (GP) IIb/IIIa receptor, is a potent and safe addition to reduced-dose thrombolytic regimens for ST-segment elevation MI. Methods and Results-Patients (nϭ888) with ST-elevation MI presenting Ͻ12 hours from onset of symptoms were treated with aspirin and randomized initially to either 100 mg of accelerated-dose alteplase (control) or abciximab (bolus 0.25 mg/kg and 12-hour infusion of 0.125 g ⅐ kg Ϫ1 ⅐ min
C urrently used thrombolytic reperfusion regimens produce an important survival benefit in patients with ST-segment elevation acute myocardial infarction (MI), but they also have several limitations. 1 Depending on the agent used, patency of the infarct-related artery is established within 90 minutes after the initiation of treatment in only 60%
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to 80% of patients. 1, 2 Full antegrade perfusion (TIMI grade 3 flow) is achieved in only 30% to 55% of patients. 1, 2 After initially successful thrombolysis, Ϸ5% to 10% of patients experience reocclusion of the culprit coronary artery. 1, 2 When it occurs, reocclusion may be associated with recurrent infarction and an increased risk of mortality and morbidity. 1, 3, 4 Obstructive arterial thrombi that are platelet rich are resistant to thrombolysis and have an increased tendency to produce reocclusion after initial reperfusion. 5 Although aspirin acts synergistically with thrombolytics to reduce mortality and may also be helpful in preventing reocclusion, it is a relatively weak antiplatelet agent. 6, 7 Despite the inhibition of cyclooxygenase by aspirin, platelet activation continues to occur through thromboxane A 2 -independent pathways, leading to platelet aggregation and increased thrombin formation. 8 The activation of platelets by several agonists results in the expression of functional receptors for fibrinogen on the platelet surface, referred to as glycoprotein (GP) IIb/IIIa receptors. The GP IIb/IIIa inhibitor abciximab produces an antithrombotic effect by direct inhibition of the binding of natural ligands such as fibrinogen to the GP IIb/IIIa receptor, leading to a dose-dependent inhibition of platelet aggregation. 9 Because abciximab is a much more potent inhibitor of platelet function than aspirin, it has the potential to promote a greater degree of thrombolysis and prevent rethrombosis in the short-term management of patients with ST-elevation MI. 9 -11 Preclinical studies have shown that GP IIb/IIIa inhibition accelerates thrombolysis and prevents reocclusion in several animal species with experimentally induced platelet-rich coronary thromboses that were treated with alteplase. 5, [12] [13] [14] [15] Analyses from previous clinical trials 16 -18 suggested that administration of abciximab to support direct coronary intervention or rescue coronary intervention after failed thrombolysis for ST-elevation MI was helpful in reducing death and cardiac ischemic events. Pilot angiographic observations suggest that abciximab facilitates dissolution of intracoronary thrombi without a significant risk of distal embolization, no reflow, or abrupt closure. 12, 19 The Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) 8 study evaluated prospectively the safety of administering murine Fab fragments of a monoclonal antibody against the GP IIb/IIIa receptor (m7E3) after standarddose alteplase in the treatment of acute MI. 20 m7E3 inhibited platelet aggregation in a dose-dependent fashion, ultimately achieving Ն80% inhibition at a dose of 0.25 mg/kg. There was no increase in bleeding events in patients receiving m7E3, and no intracranial hemorrhages were observed. TIMI grade 2 or 3 flow was seen in the infarct-related artery at follow-up angiography at day 5 in 5 (56%) of 9 control patients and 34 (92%) of 37 patients receiving m7E3 (Pϭ0.02).
The observations noted above served as the foundation for testing the hypothesis that abciximab is a potent and safe addition to thrombolytic regimens for ST-elevation MI. To accomplish this, TIMI 14, a phase II, multicenter angiographic study, had as its primary objective an evaluation of the rate of TIMI 3 flow at 90 minutes for reperfusion regimens of abciximab alone and in combination with reduced doses of alteplase or streptokinase. Secondary objectives were to evaluate the safety of the new reperfusion regimens, make efficacy observations with a variety of angiographic criteria (including TIMI flow grade at 60 minutes and TIMI frame counts at 60 and 90 minutes), and make pilot observations on the rate of clinical events such as mortality, recurrent MI, recurrent ischemia, and development of severe pump dysfunction.
Methods
The trial was conducted between March 1997 and July 1998 at 63 enrolling centers in the United States, Canada, United Kingdom, Belgium, Netherlands, France, and Germany. It was supported by the central units and Angiographic Core Laboratory described in the Appendix.
Eligibility Criteria
Patients were eligible for inclusion if they were between 18 and 75 years of age, had a qualifying episode of ischemic discomfort of Ն30 minutes' duration within the prior 12 hours, and, as reported by the enrolling clinical center, exhibited Ն0.1-mV ST-segment elevation in 2 contiguous leads. Patients were excluded if they had any of the following findings:
1. Cardiovascular: left bundle-branch block, intraventricular conduction defect, or paced rhythm obscuring identification of the infarct location; MI treated either with thrombolytic therapy or percutaneous coronary intervention within the prior 7 days; previous CABG surgery, cardiogenic shock, or pulmonary edema requiring intubation. 2. Bleeding risks: single reliable measurement of systolic blood pressure Ͼ180 mm Hg or diastolic blood pressure Ͼ110 mm Hg at any time from initial medical contact to randomization; known prior history of stroke, transient ischemic attack, or central nervous system structural damage; active bleeding or history of hemorrhagic diathesis; major surgery within prior 2 months; therapeutic anticoagulation (INR Ͼ1.4) in the absence of heparin. 3. Prior or concomitant therapy: known allergy to abciximab or aspirin; treatment with abciximab or any other GP IIb/IIIa inhibitor within prior 7 days; treatment with Ն6000 U heparin in the hour before randomization. 4. General: inability to undergo cardiac catheterization; suspected cocaine or amphetamine-induced MI. Figure 1 . Design of dose-finding phase. Eligible patients with ST-elevation MI (ST1) were randomized to 1 of 4 treatment groups: a control group that did not receive abciximab and was treated with 100 mg of tissue plasminogen activator (alteplase) in an accelerated-dose fashion and 3 experimental groups each receiving abciximab as an initial bolus of 0.25 mg/kg followed by a 12-hour infusion (inf) of 0.125 g ⅐ kg Ϫ1 ⅐ min Ϫ1 . Experimental regimens used in combination with abciximab consisted of no lytic, reduced-dose streptokinase (2 dose SK), and reduceddose alteplase (2 dose alteplase). Control patients received standard (STD) heparin, whereas patients in the experimental groups received low-dose heparin (see text for further discussion). ASA indicates acetylsalicylic acid.
Study Protocol
The study consisted of randomized, open-label dose-finding and dose-confirmation phases. During both phases, all patients were given aspirin (150 to 325 mg PO or 250 to 500 mg IV) and were then randomized into the treatment groups described below (Figure 1 ).
Dose-Finding Phase
Randomization occurred at an equal rate for all treatment groups by use of a centralized telephone system. The control group did not receive abciximab but was treated with 100 mg of alteplase with a front-loaded regimen (15-mg bolus, initial infusion of 0.75 mg/kg up to 50 mg over 30 minutes, followed by infusion of 0.50 mg/kg up to 35 mg over 60 minutes) and standard-dose heparin consisting of a bolus of 70 U/kg (maximum 4000 U) and initial infusion of 15 U ⅐ kg Ϫ1 ⅐ h Ϫ1 (maximum 1200 U/h). The 3 experimental groups all received an initial bolus of abciximab 0.25 mg/kg followed by a 12-hour infusion of 0.125 g ⅐ kg Ϫ1 ⅐ min Ϫ1 and either received no lytic (abciximab alone), reduced-dose streptokinase, or reduced-dose alteplase (Table 1) . Abciximab was to be administered before or concurrent with the thrombolytic in the reduced-dose streptokinase and reduced-dose alteplase groups. Abciximab-treated patients received low-dose heparin with a bolus of 60 U/kg (maximum 4000 U) and infusion of 7 U ⅐ kg Ϫ1 ⅐ h Ϫ1 (maximum 800 U/h). For all groups, heparin infusions were adjusted according to a nomogram to a target activated partial thromboplastin time (aPTT) of 50 to 70 seconds.
Fourteen different reperfusion regimens were evaluated during the dose-finding phase. These included the alteplase-alone and abciximab-alone arms and the 12 reduced-dose lytic regimens combined with abciximab shown in Table 1 . For each lytic, testing proceeded in an ascending dose-ranging fashion. The 4 streptokinase 
regimens were infusions of 500 000 U, 750 000 U, 1.25 MU, and 1.5 MU over the times shown in Table 1 . To minimize the risk of bleeding, heparin was eliminated at the 1.5-MU dose of streptokinase. Eight alteplase regimens were tested that represented total doses of 20, 35, 50, and 65 mg. For the 35-and 50-mg doses, regimens that used a bolus and bolus plus infusion were evaluated. We evaluated the impact of varying the duration of the infusion in the 50-mg dose tier by comparing infusions of alteplase over 30 or 60 minutes. To test the benefit of a higher abciximab dose, in 1 group receiving 50 mg of alteplase over 60 minutes, the abciximab bolus dose was increased to 0.3 mg/kg and heparin reduced to a very-lowdose regimen of a bolus of 30 U/kg (maximum 2000 U) and initial infusion of 4 U ⅐ kg Ϫ1 ⅐ h Ϫ1 (maximum 400 U/h).
Dose-Confirmation Phase
After evaluation of the angiographic findings and safety observations from the dose-finding phase, a regimen of 50 mg of alteplase administered as a bolus of 15 mg and infusion of 35 mg over 60 minutes was selected for testing in the dose-confirmation phase. During the dose-confirmation phase, patients were randomized into 3 groups consisting of the accelerated-dose alteplase control group, as described for the dose-finding phase, and 2 experimental groups that were treated with the 50-mg alteplase regimen described above and abciximab (0.25 mg/kg bolus followed by a 12-hour infusion of 0.125 g ⅐ kg Ϫ1 ⅐ min Ϫ1 ) and either a low-dose (60-U/kg bolus and infusion of 7 U ⅐ kg Ϫ1 ⅐ h Ϫ1 ) or very-low-dose (30-U/kg bolus and infusion of 4 U ⅐ kg Ϫ1 ⅐ h Ϫ1 ) heparin regimen ( Figure 2 ). During the dose-confirmation phase, 1 patient was randomized to the control group for every 2 patients randomized to each of the experimental groups, and randomization into the experimental groups proceeded in a sequential fashion.
During both the dose-finding and dose-confirmation phases, use of ␤-blockers, nitrates, calcium antagonists, and other medications was 26 (72) 41 (77) 22 (65) 36 (75) 30 (79) 520 (77) 684 (77) 10 (28) 12 (23) 12 (35) 12 (25) 8 (21) 157 (23) 204 (23) 34 (94) 45 (85) 33 (97) 48 (100) 33 (87) 605 (89) 796 (90) 2 (6) 8 (15) 1 (3) 0 5 (13) 72 (11) 92 (10) 5 (14) 7 (13) 4 (12) 3 (6) 2 (5) 87 (13) 111 (13) 10 (28) 12 (23) 16 (47) 12 (25) 10 (26) 178 (26) 233 (26) 16 ( (12) 17 (47) 19 (36) 12 (35) 18 (38) 15 (40) 252 (37) 330 (37) 17 (47) 33 (62) 20 (59) 31 (65) 23 (61) 406 (60) 533 (60) 3 (8) 6 (11) 8 (24) 6 (13) 1 (3) 73 (11) 107 (12) 3 (2, 4)
16 (12, 23) 17 (11, 26) 16 (11, 20) 19 (13, 27) 18 (14, 27) 17 (12, 24) 17 (12, 25)
36 (100) 51 (96) 33 (97) 48 (100) 38 (100) 668 (99) 876 (99)
at the treating physician's discretion, as was the decision for referral for CABG surgery.
Angiographic Procedures
For timing the performance of coronary angiograms, time 0 was considered to be the start of administration of the first drug of the assigned reperfusion regimen. Coronary angiography of the infarctrelated artery was performed as soon as possible after initiation of the reperfusion regimen but in no case Ͼ90 minutes later. Standardized views and techniques of injection were used by investigators. Except in cases of rapid and progressive hemodynamic deterioration, coronary interventional procedures were performed at the treating physician's discretion after the 90-minute angiogram. When rescue interventional procedures were performed, supplemental heparin dosing was administered via a standardized nomogram, guided by measurements of activated clotting time (ACT), with a target of 250 seconds in the control group and 200 seconds in all groups receiving abciximab. Arterial access sheaths were removed when the aPTT was Յ50 seconds or the ACT was Յ170 seconds.
Clinical Procedures
ECGs were obtained at admission, for any episodes of recurrent ischemic discomfort Ն5 minutes during the index hospitalization, 12 to 24 hours after any revascularization procedure, and at the time of hospital discharge. Creatine kinase (CK) and isoenzyme (CK-MB) levels were measured on admission and at 6, 12, and 24 hours for the first 24 hours and were repeated for episodes of recurrent ischemic discomfort Ն30 minutes in duration or after revascularization procedures during the index hospitalization. Platelet counts were measured at admission; 60 minutes and 3, 12, and 24 hours after administration of study drug; and then daily until hospital discharge or day 3, whichever came first. In the event of a platelet count Ͻ100 000/mL that represented Ն25% decrease from baseline, platelet counts were repeated. If true thrombocytopenia was confirmed, Figure 2 . Design of dose-confirmation phase. Patients were randomized to a control group (described in Figure 1 ) or a 50-mg alteplase regimen combined with abciximab and either low-dose or very-low-dose heparin. Abbreviations as in Figure 1 . 
abciximab was discontinued. Hemoglobin and hematocrit levels were obtained at admission, 24 and 48 hours after administration of study drug, and at hospital discharge. All patients were followed up for clinical events during the index hospitalization and through 30 days.
Study End Points

Efficacy
The primary angiographic efficacy end point was the achievement of TIMI grade 3 flow at 90 minutes in the infarct-related artery. All angiograms were evaluated by the Angiographic Core Laboratory, which was blinded to treatment assignment, using previously established procedures for determination of TIMI flow grade 21 and TIMI frame count. 22 Patients were considered angiographically evaluable if they received the specified reperfusion regimen and had an evaluable 90-minute angiogram. In patients receiving abciximab and a thrombolytic drug, the angiographically evaluable cohort was restricted to patients who received both abciximab and the thrombolytic drug within 15 minutes of each other. Prespecified secondary angiographic efficacy end points were TIMI grade 2 or 3 flow in the infarct-related artery at 60 and 90 minutes and TIMI frame counts at 60 and 90 minutes. 22 Clinical efficacy end points were analyzed for all randomized patients (intention-to-treat cohort) by a Clinical Events Committee using standardized definitions. These end points included all-cause mortality, recurrent MI, recurrent ischemia Ն5 minutes, severe recurrent ischemia requiring urgent revascularization, severe pump failure, the performance of rescue percutaneous coronary interventions, and CABG. The definitions of recurrent MI and severe pump failure were as previously described. 23, 24 Severe recurrent ischemia requiring urgent revascularization was considered to be present if the patient experienced Ն1 episode of rest pain of Ն5 minutes' duration or had Canadian Heart Association class III or IV angina that resulted in either an urgent percutaneous coronary intervention or CABG. In the absence of pain, the following were considered evidence of severe ischemia: new ST shifts Ն0.1 mV on 12-lead ECG or lasting Ͼ20 minutes on ambulatory ECG monitoring; acute pulmonary edema, ventricular arrhythmias, or hemodynamic instability presumed to be ischemic in origin; TIMI 0 or 1 flow on the initial angiogram that was followed by rescue angioplasty; or revascularization after a recurrent MI.
Safety
The primary safety end point was major hemorrhage, which was defined as any intracranial, retroperitoneal, or intraocular hemorrhage or any clinically overt hemorrhage associated with a drop in hemoglobin Ն5 g/dL. An additional end point was thrombocytopenia (platelet count Ͻ100 000/mL and a decrease of Ն25% from baseline) that was not due to interaction in the blood-drawing tube with an anticoagulant such as EDTA, citrate, or heparin (ie, pseudothrombocytopenia). Severe thrombocytopenia was defined as a platelet count Ͻ50 000/mL. All patients who received any element of the assigned reperfusion regimen were included in safety analyses (safety-evaluable cohort); these events were also reviewed and classified by the Clinical Events Committee.
Statistical Considerations
Historical data suggest that Ϸ50% of angiographically evaluable patients achieve TIMI grade 3 flow at 90 minutes after receiving a front-loaded 100-mg alteplase regimen. 25 Patients enrolled in the experimental reperfusion regimen groups were compared with this historical rate. The protocol specified that in order for abciximab without thrombolytics to be considered a candidate for future study, the rate of TIMI 3 flow at 90 minutes should be comparable to 50%, whereas it needed to exceed 50% in regimens that combined abciximab with a thrombolytic. To guide the Operations Committee in identifying promising new reperfusion regimens during the dose-finding phase, the rates of TIMI 3 flow in each of the treatment groups were monitored by use of a sequential probability ratio test (SPRT). 26 The prespecified SPRT boundaries were 30% (H 0 ) and 50% (H a ) TIMI 3 flow with types I and II error rates of 0.0001% and 10%, respectively, for the abciximab-alone group and boundaries of 60% (H 0 ) and 80% (H a ) TIMI 3 flow with types I and II error rates of 1% and 2.5%, respectively, for groups in which abciximab was combined with a thrombolytic. On the basis of the operating characteristics of the SPRT, it was estimated that 35 to 70 patients per treatment group would provide sufficient information to determine whether a given regimen was likely to be considered a candidate for additional testing.
Statistical comparisons were made by 2 analysis for categorical variables and either Student's t test or Wilcoxon signed rank test, as appropriate, for continuous variables. Screening for any significant differences in TIMI frame counts among the treatment groups was performed in a protected fashion. This was accomplished first by performing a generalized log-rank 2 procedure to test for any difference between treatment groups. If significant, this was followed by log-rank tests on pairwise comparisons between treatment groups. Owing to the exploratory nature of the comparisons in the trial, nominal probability values without adjustment for multiple comparisons were taken as an indication of the statistical significance of comparisons between groups or trends among groups.
Results
A total of 888 patients were enrolled in the trial, 677 in the dose-finding phase and 211 in the dose-confirmation phase. Baseline characteristics of patients are shown in Table 1 . The median age of the patients enrolled was 58 years; 77% were 
male, and 37% had an anterior MI. The median time from the onset of pain to treatment was 3.0 hours; 75% of patients were treated in Ͻ5 hours. In 99% of patients, abciximab was administered either before or with the lytic.
Angiographic Observations
Of the 888 patients, 791 (89%) were considered angiographically evaluable at 90 minutes. The reasons for exclusion from the angiographically evaluable cohort at 90 minutes were failure to receive the reperfusion regimen as specified in the protocol (nϭ38 [ 
Dose-Finding Phase
Angiographic data for all groups during the dose-finding phase are summarized in Table 2 . Patients treated with alteplase alone (nϭ152) achieved a 57% TIMI 3 flow rate at 90 minutes, whereas patients treated with abciximab alone (nϭ31) achieved a 32% TIMI 3 flow rate. Doses of streptokinase between 500 000 U and 1.25 MU given with abciximab produced TIMI 3 flow rates of 34% to 46%. The regimen of 1.5 MU of streptokinase plus abciximab was terminated prematurely after only 5 angiographically evaluable patients had been studied because of unacceptable bleeding (see below). Reperfusion regimens consisting of total alteplase doses of 20, 35, 50, or 65 mg produced 90-minute TIMI 3 flow rates that were at least comparable to and in many cases exceeded those observed with full-dose alteplase alone (Table 2 ). An increase in the abciximab bolus to 0.3 mg/kg did not appear to offer any incremental benefit in establishing TIMI 3 flow ( Table 2) .
The most promising regimen appeared to be 50 mg of alteplase given as a 15-mg bolus and 35-mg infusion over 60 minutes. Compared with full-dose alteplase alone, the 50-mg alteplase regimen noted above produced substantial increases in the rates of both TIMI 3 flow (76% versus 57%; Pϭ0.08) and infarct-related artery patency (TIMI 2/3 flow, 93% versus 78%; Pϭ0.09) at 90 minutes.
Insight into the rate and extent of thrombolysis when abciximab was combined with reduced-dose alteplase was gained by comparing observations made at 60 and 90 minutes after the start of the reperfusion regimens. The data shown in Figure 3 are plotted for patients in the dose-finding phase who received varying total doses of alteplase stratified by the administration schedule of the lytic. Increasingly higher rates of TIMI 3 flow at both 60 and 90 minutes were observed with more prolonged duration of administration of alteplase, progressing from a bolus to a bolus followed by a 30-minute infusion and then a bolus followed by a 60-minute infusion (Pϭ0.02 by 2 for trend at 60 minutes and Pϭ0.0002 by 2 for trend at 90 minutes). Compared with a 45% TIMI 3 flow rate at 60 minutes in the alteplase control arm, at the end of the 60-minute infusion schedule, TIMI 3 flow was 63%. At 90 minutes, it reached 74% compared with 57% in the alteplase control group.
Dose-Confirmation Phase
On the basis of the angiographic observations noted above and an acceptable safety profile (see below), a regimen of 50 mg of alteplase administered as a bolus of 15 mg and infusion of 35 mg over 60 minutes in combination with abciximab was selected for the dose-confirmation phase. TIMI 3 flow rates at 60 and 90 minutes in patients collectively enrolled in the alteplase control arm from the dose-finding and dose-confirmation phases are shown in Figure 4 . These are compared with the 50-mg alteplase regimen from the dose-finding phase and during the dose-confirmation phase, in conjunction with the low-dose and very-low-dose heparin regimens. Rates of TIMI 3 flow similar to those originally observed in the dose-finding phase were seen at both 60 and 90 minutes with the 50-mg alteplase regimen and low-dose heparin in the doseconfirmation phase. The pooled data for the 50-mg alteplase regimen with low-dose heparin showed a significant increase in the rate of TIMI 3 flow at 60 minutes from 43% in the control arm to 72% (Pϭ0.0009), representing a relative 67% increase. The very-low-dose heparin group had a 68% rate of TIMI 3 flow at 60 minutes. At 90 minutes, pooled data from the 50-mg alteplase regimen with low-dose heparin showed a 77% rate of TIMI 3 flow, which was significantly higher than the 62% rate observed in the alteplase control group (Pϭ0.01). In the very-lowdose heparin regimen, the TIMI 3 flow rate at 90 minutes was 69%, a value intermediate between alteplase without abciximab and the 50-mg alteplase regimen with low-dose heparin. TIMI frame counts at 60 and 90 minutes for 4 representative groups of reperfusion regimens are shown in Figure  5 . The dashed vertical line at 28 frames is the upper 95% CI for normal flow, and the dashed line at 40 frames is the break point between TIMI 3 and TIMI 2 flow. It is in the zone between these 2 values that some distinctions between groups can be observed. The group receiving 50 mg of alteplase as a bolus of 15 mg and infusion of 35 mg over 60 minutes in combination with abciximab and low-dose heparin was shifted up and to the left compared with the full-dose alteplase control arm at both 60 and 90 minutes, indicating a higher proportion of patients with lower frame counts. These differences were statistically significant (Pϭ0.001 at 60 minutes and Pϭ0.005 at 90 minutes). At 90 minutes, the median TIMI frame count in the 50-mg alteplase regimen was normal at 28 frames compared with 36 frames in the alteplase control arm. A composite of all the streptokinase plus abciximab groups is shifted below the alteplase control arm, indicating higher frame counts (median frame count, 45 frames). This is followed by the abciximab-alone group, which had the highest frame counts.
Safety Observations and Other Clinical Events
Safety observations along with other clinical events from the dose-finding phase are summarized in Table 3 . The overall rate of major hemorrhage was 7%. The rate of major hemorrhage was 6% in the alteplase control group, 3% in the abciximab-alone group, and 7% in all alteplase-plusabciximab groups combined. The rate of major hemorrhage was 10% for all streptokinase-plus-abciximab groups combined. There was a dose-related increase in the rate of major hemorrhage as ascending doses of streptokinase were combined with abciximab, eventually culminating in a substantially higher rate as full-dose streptokinase was combined with abciximab even in the absence of heparin. Approximately two thirds of hemorrhages were at instrumented sites. The overall rate of intracerebral hemorrhage was 1.1%; no important differences in this complication were observed among reperfusion regimens. The overall rates for mortality, Figure 5 . TIMI frame count for representative reperfusion regimens. Distribution plots are shown for cumulative percentage of patients with a given TIMI frame count corrected for vessel length (cTFC) at 60 minutes (A) and 90 minutes (B). Generalized log-rank 2 test (dfϭ3) was associated with a P value Ͻ0.001 for both the 60-and 90-minute TIMI frame counts, indicating significant differences were present among treatment groups. A significantly greater proportion of patients treated with 50 mg of alteplase (tPA) in combination with abciximab (Abx) and low-dose heparin had lower frame counts (ie, faster flow) than the control group of 100 mg of alteplase at both 60 and 90 minutes. Reperfusion regimens combining streptokinase (SK) plus abciximab or abciximab alone had higher frame counts.
recurrent MI, and development of severe pump failure were 4%, 3%, and 1%, respectively, with no major differences observed across groups. Revascularization for severe recurrent ischemia was performed in 31% of patients overall but was highest in the abciximab-alone group at 59%. Similarly, the rate of rescue PTCA, which was 19% overall, was highest in the abciximab-alone group, at 41%. Thrombocytopenia occurred in 5 (3%) of the 163 patients in the alteplase-alone control group and in 30 (6%) of the 514 patients who received a reperfusion regimen containing abciximab (PϭNS). Severe thrombocytopenia (Ͻ50 000/mL) occurred in 1 (0.6%) of the 163 patients in the alteplase-alone control group and in 6 (1.2%) of the 514 patients who received a reperfusion regimen containing abciximab (PϭNS). Figure 6 depicts the safety experience in the cohort of patients collectively enrolled in the control alteplase arm compared with the collective experience in the 50-mg alteplase plus abciximab combined with low-dose and very-lowdose heparin regimens. The rate of major hemorrhage was 6% in the alteplase-alone control group, 7% in the low-dose heparin group, and 1% in the very-low-dose heparin group; mortality rates were 3%, 5%, and 0%, respectively.
Discussion
The thrombus obstructing the infarct-related artery in STelevation MI consists of multiple elements, including platelets, thrombin, and a fibrin mesh. The dynamic interplay between factors promoting thrombosis versus those promoting thrombolysis is shifted in favor of thrombosis. Although thrombolytic agents target the fibrin mesh component of the thrombus, their use is associated with both heightened thrombin activity and platelet activation. [27] [28] [29] Thrombin not only promotes further thrombus deposition but is one of the most potent stimuli for activation of platelets. 30 In response to stimulation by thrombin, platelets express GP IIb/IIIa receptors on their surface, promoting cross-linking by ligands such as fibrinogen, thereby providing a greater surface area for formation of the prothrombinase complex and additional thrombin generation. 9 Other (6) 1 (3) 1 (3) 1 (2) 8 (16) 4 (67) 1 (3) 1 (2) 1 ( (4) 1 (3) 1 (3) 1 (2) 8 (16) 3 (50) 1 (3) 1 (2) 1 ( Severe Isch3Urg Revasc 52 (32) 19 (59) 10 (27) 20 (41) 18 (35) 3 (50) 11 (29) 15 (36) 16 ( Data are shown as n (%).
consequences of platelet activation that promote thrombus formation include release of plasminogen activator inhibitor-1 (PAI-1) and vasoconstrictor substances. 9 Thus, the platelet-rich thrombus is not only more resistant to thrombolysis, but additional platelet activation after initially successful thrombolysis may promote reocclusion. From a mechanistic perspective, a powerful antiplatelet agent used in combination with a thrombolytic agent not only offers the potential for enhancing thrombolysis and reducing the risk of reocclusion but also permits this to be accomplished with reduced doses of thrombolytics and heparin. The evaluation in TIMI 14 of various reperfusion regimens to achieve TIMI 3 flow lends strong support to the hypothesis that GP IIb/IIIa inhibition with abciximab may play an important role in reperfusion of thrombotically occluded coronary arteries. It is now well established that the principal goal of reperfusion regimens is to achieve a high rate of TIMI 3 flow, which maximizes the mortality reduction achieved in patients with ST-elevation MI. 31 Abciximab alone produced TIMI 3 flow rates that exceeded previously reported rates for patients receiving aspirin and heparin either before administration of thrombolytics or in preparation for primary angioplasty. 21, 32 The TIMI 3 flow rates with abciximab alone were similar to those previously reported for full-dose streptokinase alone. 1, 21 When abciximab was combined with doses of streptokinase that did not result in unacceptable bleeding risks, modest increases in TIMI 3 flow were observed compared with full-dose streptokinase alone in previous studies. 1, 21 Of particular importance is the observation that abciximab augmented the rate and extent of thrombolysis with reduced doses of alteplase. The increase in TIMI 3 flow at 60 minutes from 43% with alteplase alone to 72% using a 50-mg regimen of alteplase over 60 minutes combined with abciximab represents a 67% relative increase and a 29% absolute difference in TIMI 3 flow rates.
On the basis of data from angiographic observations at 90 minutes, it may be estimated that a 20% absolute increment in TIMI 3 flow must be observed to translate into a 1% absolute mortality reduction mediated via enhanced reperfusion of the infarct-related artery and myocardial salvage. 1, 33 The absolute increment in TIMI 3 flow observed with the 50-mg alteplaseplus-abciximab regimen compared with the 100-mg accelerated-dose alteplase regimen exceeded the predicted 20% minimum at 60 minutes. Further evidence of the substantial improvement in flow in the infarct-related artery is the near normalization of the TIMI frame count in the 50-mg alteplase-plus-abciximab regimen by 60 minutes.
Insight into the mechanism of facilitation of thrombolysis when abciximab is combined with alteplase may be gained by considering the multiple effects of abciximab on clot formation and structure. Inhibition of GP IIb/IIIa receptors prevents aggregation of platelets, leading to reductions in both thrombus mass and the platform for further thrombin generation. 9 Evidence exists that abciximab inhibits the release reaction from plateletdense granules and ␣-granules, leading to a decrease in the local concentration of inhibitors of thrombolysis such as PAI-1 and ␣-2 plasma inhibitor. 34 Clot structure is weakened by the ability of abciximab to block binding of activated factor XIII to platelets, diminishing cross-linking of fibrin strands and of ␣-2 
plasma inhibitor to fibrin. 35 Platelet-mediated clot retraction and gel elastic modulus are also reduced. 36 -38 By diminishing the tendency to thrombus growth and increasing clot porosity, abciximab may promote penetration of thrombolytic agents deeper into the clot, allowing more rapid and more extensive thrombolysis. 9 The effects of abciximab on clot formation and structure noted above likely contributed to the enhanced coronary blood flow observed with reduced doses of alteplase (Table  2) . When combined with abciximab, administration of only half the usual 100-mg dose of alteplase produced significantly higher rates of TIMI 3 flow. Of note, alteplase regimens of a bolus alone or a bolus and short infusion (30 minutes) did not appear to be as effective as regimens that used a bolus and longer infusion (60 minutes). These data suggest that even in the presence of abciximab, a sufficient concentration of a thrombolytic agent must be maintained for a long-enough period to enhance lytic efficiency. In the case of an agent with a relatively short plasma half-life, such as alteplase, this requires a more protracted infusion.
Safety Considerations
When used with low-dose heparin, abciximab and reduceddose alteplase were associated with a bleeding risk similar to standard thrombolytic therapy. However, a larger sample size from registries and phase III trials is needed for a more statistically robust estimate of the risk of intracranial hemorrhage with the new reperfusion regimen. Very-low-dose heparin regimens consisting of an Ϸ50% reduction in the initial bolus and 75% reduction in the initial infusion rate compared with standard weight-adjusted regimens may decrease the risk of bleeding even further. The low rate of major hemorrhage in the very-low-dose heparin group in TIMI 14 underscores the need for continued evaluation of the optimum dose of heparin when new reperfusion regimens for STelevation MI are being developed. On the other hand, streptokinase in combination with abciximab showed doserelated bleeding, ultimately producing unacceptable risks of bleeding when full-dose streptokinase was administered, even when heparin was omitted from the reperfusion regimen. The increased risk of major bleeding when streptokinase was administered with abciximab in TIMI 14 and when streptokinase was administered with eptifibatide by other investigators 39 suggests that the combination of streptokinase with GP IIb/IIIa inhibitors may be associated with increased risk of bleeding. A likely explanation for this observation is the more profound systemic disturbances of the hemostatic system and generation of fibrinogen degradation products that occur with a less fibrin-specific thrombolytic agent such as streptokinase compared with alteplase.
Clinical Implications
The reperfusion era in the treatment of MI began with streptokinase, and the next major advance was the introduction of alteplase, first in the standard-dose regimen 21 and later in the accelerated-dose regimen. 25, 33 Newer thrombolytics are clearly more convenient and can be delivered either as a single 40, 41 or double bolus 42 but appear to be comparable to accelerated-dose alteplase. The angiographic data from TIMI 14 strongly suggest that abciximab in combination with a reduced dose of a thrombolytic represents a further advance in reperfusion therapy.
